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1. Background 

6. Conclusion Hybrid mask lithography technique was proposed to obtain the nano-geometric surface with micropattern. 
Density of nanopillar was controlled simply by changing the weight ratio of the nanoparticle and thereby control 
contact angle between 0 and 160 degrees by nanopillar coated SiO2 or fluorocarbon.
Oscillation disturbance by movement of microrobot was reduced to almost zero by free accessible microchannel.
We succeeded in cellular manipulation by microrobot to access through the air-liquid interface.
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Cell manipulation by on-chip microrobot

2. Free accessible microchannel

5. Experiment

4. Chip fabrication

Analysis of contact angle

Reduction of robot motion disturbance by air-liquid interface

Oscillation
Microrobot : 700 m
Microbeads  : 173 m

Oscillation
Microrobot : 700 m
Microbeads  : 0 m

Wenzel model

d   : Diameter of nanopillar      ’  : Contact angle of rough surface
h : Height of nanopillar          : Contact angle of  flat surface 

: Density of nanopillar (fluorocarbon =120 , SiO2 =55 )

Cassie-Baxter model3. Hybrid mask lithography

D. Cleaning

Fabrication process
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Advantages
(1)Strong output force (mN)
(2)High speed drive (100 Hz)

Problems
(1)Oscillation disturbance by 

movement of microrobot
(2)Trapped bubbles in the 

microchannel

(1)Nano-pillar is diffraction-limited size
(2)The density of the nanopillar is controllable 
(3)The pillar is as high as the original surface
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3. Cleaning

1. Patterning

2. Molding

3. Peeling off

SU-8

1. Assembling

2. Bonding
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C. Deep reactive ion etching

B. ExposureA. Spin coating OFPR and 
nanoparticle
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(1) Microrobot is separated to air phase.
(2) Only probe tip accesses to a microchannel.
(3) Air-liquid interface is maintained

by controlling wettability of surface.

C
ou

pl
in

g
ra

te

Microrobot frequency [Hz]

Water-filled

Free accessible

Disturbance is reduced

5 mm

100 m
Force 
sensor

Force measurement 
of  Oocyte
Applied force : 18.4 N

100 m

OocyteAir-liquid interface

Probe

Coupling rate
= (oscillation amplitude of microbead) 

/ (oscillation amplitude of microrobot)

Particle transportation

Flow

Polystyrene beads

Air-liquid interface
150 m

2.1 mm/s

Paramecium

Capturing Paramecium 

Manipulation of
swimming microorganism


